The ketohexose fructose is widely distributed among plants in the form of free monosaccharide and as a part of the disaccharide sucrose. The metabolism of fructose has been studied by many authors since Kulz in 1874 first reported that diabetic patients were able to utilize fructose better than other sugars (10) . These studies revealed that a large part of the intake of fructose is utilized by the liver by way of the specific fructose-i-phosphate pathway. The enzymes responsible for the reactions of this pathway have been found in the kidney and small intestine in addition to the liver (9, 12) . The fructose metabolism, however, has still not been sufficiently studied. In particular, no comparative studies among organs have been made. The present work, therefore, was undertaken to investigate the distribution of radioactive carbon from D-[U-14C]fructose in mice using whole-body autoradiography which offers an advantageous method to observe the distribution of radioactive compounds in various organs and tissues.
MATERIALS AND METHODS
Eighteen adult albino male mice (ICR strain, weighing approx . 22 g) were employed as experimental animals.
Uniformly labeled D-fructose (D-[U-14C]fructose, specific radioactivity 241 mCi/mmol) was obtained from the Radiochemical Centre, Amersham , England. The radiochemical purity was 99% by paper chromatography. The substance was dissolved in physiological saline (12 µCi/0.2 ml).
Animals were injected intraperitoneally with 12 µCi per body of radioactive fructose and killed after different intervals (5 and 30 min, 1, 3, 6 and 24 hr). The animals were anaesthetized with ether and then frozen in a mixture of dry-ice and acetone. Whole-body sagittal sections (20 µm) of the frozen animals were cut with a cryo-microtome (LKB-2250, Sweden).
Autoradiographs (untreated and treated with ice-cold 6% HC104) of wholebody sagittal sections of the mice were made as described before (19) . The autoradiographs thus obtained were measured with a microdensitometer (18) . Some H-E stained sections were used for tissue identification of autoradiographs (17) .
RESULTS
The results of densitometry of untreated and treated autoradiographs for respective tissues and organs are shown in 
Untreated autoradiographs
At 5 min after an intraperitoneal injection of radioactive fructose, a large amount of the radioactive fructose still remained in the abdominal cavity (Fig. 2) . The highest autoradiographic densities at this time were in the kidney and liver. The urinary vesicle and its content also showed high autoradiographic density (Fig.  2) . The large and small intestinal mucosa, blood, myocardium, lung and brown fat showed relatively high density, but the other tissues and organs were low. At 30 min, the highest densities occured in the large intestinal mucosa, Harderian gland and kidney medulla, while the abdominal cavity did not show any significant autoradiographic density. Although the liver had relatively high density at this time, the density dropped considerably compared with that of 5 min, and the density became gradually lower with time after injection of radioactive fructose. The same pattern of density was observed for the kidney (both cortex and medulla), blood and lung. At 1 hr after injection of labeled fructose, the highest density occured in the large intestinal mucosa, while relatively high density was found in the small intestinal mucosa, kidney, capsule of spleen, sublingual and Harderian glands, and pancreas. At 3 hr following injection, the sublingual and submandibular glands attained the highest density of all the survival times after injection of radioactive fructose. In the other tissues and organs, however, the densities at this time were lower than those at 1 hr. At 6 and 24 hr after administration of labeled fructose, the densities in all tissues and organs except for the brown fat dropped compared with those at 3 hr.
Treated autoradiographs
The autoradiographs treated with cold 6% perchloric acid at 5 min after injec- (Fig. 2) presented relatively high densities for the small and large intestines and the kidney (both cortex and medulla), particularly in the intestines 14C was for the most part incorporated into the acid-insoluble substances. In contrast the incorporation rate of 14C from [U-14C[fructose into acid-insoluble substances was low for the blood, liver, cerebral neocortex, myocardium, lung and Harderian gland (under 35%). The autoradiographic densities in treated autoradiographs became similar to those of untreated autoradiographs with time except for the skeletal muscle, cerebral neocortex, and testis at 30 min and 1 hr. after injection it had almost disappeared from the blood. Here it must be noted that 14C concentrations in the kidney and urine were very high at 5 min. The lung, however, showed relatively low 14C concentrations compared with those of the kidney throughout the experimental period. These findings indicate that a large part of administered radioactive fructose is excreted through the urinary system; moreover it is done at a short time after injection. It has been reported that fructose utilization in the intact organism is very fast. The half-life of fructose is estimated at about 18 min in the normal adult human (7, 15) . On the other hand, it has been reported that with constant infusion of fructose only a small percent of the administered dose is excreted in the urine (22) . The change of 14C concentration in the liver was similar to that for the blood. The highest 14C concentration in this organ was observed at 5 min after injection and its value was the highest among all organs and tissues. As described in the introduction, it is well known that the liver is the main site of fructose utilization. Metabolism of fructose in this organ has been summarized by Berghe (1) . According to his review, fructose is metabolized by way of the specific fructose-l -phosphate pathway and enters the glycolytic-gluconeogenic pathway. Glucose and lactate, therefore, are the major end products of fructose metabolism. In this experiment, about 60% of 14C in the liver at 5 min after injection of labeled fructose was in the water-soluble substances. Exton and Park (4) have demonstrated that at 1 hr after fructose perfusion about half of the perfusate was found as glucose. Some of the radioactive carbon in acid-insoluble substances in the liver seems to be glycogen, since fructose is a better glycogen precursor than glucose (13, 21) . It has also been recognized that not only the liver, but the kidney and small intestine have an ability to synthesize glucose from fructose. Reinecke (11) said that the kidney is a locus of fructose metabolism. Salomon et al. (12) found that in the rat kidney some injected fructose is converted into glucose. In this study the kidney belongs to the group which showed high 14C concentration. Bergstrom and Hultman (2), however, said that the renal production of glucose was of little importance quantitatively. Also the small intestine was proposed as a site of fructose metabolism. But for the small intestine it has been demonstrated that there is a species variation in fructose utilization. In man, a minor conversion of fructose to glucose occurs in the jejunum (3), while in the small intestinal mucosa of guinea-pig as much as 70% of absorbed fructose is converted to glucose (9) . In the small intestine of the rat the conversion rate is estimated at about 10% (9) , but in the mouse intestine this rate has not been measured. In the present work, the small intestinal mucosa of the mouse showed high 14C concentration at 5, 30 min and 1 hr, and these concentrations were not decreased even after treatment with perchloric acid solution. This means that the 14C in the small intestinal mucosa was in the acid-insoluble substances . The large intestinal mucosa showed higher 14C concentration than that of the small intestinal mucosa at any time after injection in this autoradiographic study. These intestinal mucosa produce mucin in goblet cells. In our previously reported paper concerning the distribution of 14C from [U-14C]glucose, such tissues as the large and small intestines and sublingual gland which produce the mucin showed a high uptake of 14C (14) . Radioactive carbon from [U-14C]fructose was also considerably incorporated in the sublingual gland and most of it was in the acid-insoluble substances.
Besides these mucous glands, the Harderian gland which secretes lipids (8, 20) showed a high uptake of radioactive carbon from fructose. This gland had the highest 14C concentration among tissues and organs of mouse in the autoragdiographic study of [U-14C]glucose by Shimada et al. (14) .
Such serous glands as the submandibular gland and pancreas showed low 14C concentration in the study of glucose, whereas they showed a relatively high concentration in this study. It is noteworthy that for the pancreas at any time of the experiment, most 14C presented in acid-insoluble substances.
The 14C concentrations for the cerebral neocortex of untreated autoradiographs showed a gradual increase with time up to 1 hr after radioactive fructose injection and then decreased, and incorporation of 14C into acid-insoluble substances was low. This pattern had a strong resemblance to that of glucose. Since the brain of adult mammals depends on glucose as the energy source (16) and fructose is one of the best gluconeogenic substrates (5), it is assumed that the 14C in the brain may be present in the form of glucose or its metabolites. The brown fat showed relatively low radioactivity compared with other tissues and organs at any time of the experiment, though the epididymal adipose tissue in the rat has been stated to be the most important site of fructose uptake after the liver (6) . In the spleen, the capsule showed a higher autoradiographic density than that of the parenchyma at any time and in the former the 14C was incorporated into acidinsoluble substances. Such other tissues and organs as myocardium, skeletal muscle, testis and thymus did not show high autoradiographic density at any time. These results imply that in these tissues and organs fructose metabolism may be low.
